Abstract-One of work methods in increasing the double track lane in Java island is application of geosynthetic MSE-wall to retain new railway bed beside the existing rail track. When geosynthetic applied as a temporary reinforcement, it would be ineffective due to some considerations such as the economic aspect, because the geosynthetic function as MSE-wall will disappear if the elevation of the existing railway is increased as high as the new railway. Bamboo mats can principally be applied to replace geosytethic as temporary MSE-wall. Its more cheaper and biologically degradable feature is beneficial when used as a temporary MSE-wall. To design the structure of MSE-wall, the pullout resistance value shall be obtained by a test. This research aims to inform that bamboo mats as an organic local craft are feasible to be used as a slope temporary reinforcement material. The pullout resistance test refers to SNI 8128:2016. The pullout resistance test shows that Ci value of the bamboo mat in the heap of railway bed is 0.417. As the sample of numeric simulation, this temporary bamboo mat MSE-wall is analyzed using Geo5 software. The numeric simulation on bamboo mat MSE-wall with 2.2 m high slope and the load of railway bed construction plus the train shows that they are safe from both internal and external collapses. The lowest safety factor is 1.53 with the potential of collapse due to the global slope stability. When applied as slope reinforcement, the plait size available in the market should be considered.
I. INTRODUCTION
The reinforced soil structure for relatively straight retaining wall with surface inclination of 70° to 90° is commonly called Mechanically Stabilized Earth, (MSE) -wall. MSE-wall is one of slope reinforcement constructions using geosynthetic as the main component. The application of MSE-wall in Indonesia, particularly in Java, can be seen in the development of double track of Purwokerto-Kroya. It is applied as a temporary reinforcement in the inner side of the new heap beside the operating railway. Upon the completion of the new track, the trains are moved to that track and the old one can be elevated according to the plan without disturbing the train operation. Figure 1 presents geosynthetic as a temporary reinforced retaining wall in the railway bed. Geosynthetic is commonly used as short and long term reinforcement. However when applied as a temporary reinforcement, it would be ineffective due to some considerations such as the economic aspect. Bamboo mat is physically a sheet and can be used to replace the geosynthetic. To find out if it can be utilized as a temporary reinforced soil retaining wall, it should be tested regarding its mechanical nature, similar to the geosynthetic, through a laboratory testing.
This research aims to test the potential of bamboo mat as a temporary reinforced retaining wall in railway bed. The pullout resistance value is one of the important parameter inputs in the analysis of MSE-wall modeling. Koutsourais et al (1998) state that pullout test can simulate the MSE-wall actual collapse. This research also tests the pullout resistance of bamboo mat buried under the heap soil of railway bed.
II. LITERATURE REVIEW
MSE-wall structure is basically a soil reinforcement to help retaining against the working lateral force. The earth mass in the reinforced zone is retained by reinforcement act from the geosynthetic sheet of which the outer ends are bent. Reinforced landfill is also a retaining material against the load and media burdening the retaining wall system. When the wall undergoes deformation, the lateral pressure underground reaches the passive zone through the friction between the soil and the geosynthetic (Hardiyatmo, 2013) . reinforced soil, active earth pressure coefficient (Ka) is used in lateral soil calculation. In its function as reinforcement bars, geosynthetic provides pullout resistance as shown in Figure 2 . In the reinforced soil, the earth pressure transfer mechanism comes from the friction between the earth and the reinforcement. With this friction, the earth transfers the pressure of forces working against it to the reinforcement bars. The pullout total resistance in geotextile is the result of friction resistance contribution. The friction resistance is evaluated using Mohr-Coulomb criteria, depending on the type of the soil (the degree of earth friction and earth interface), the degree of interface friction, the interface adhesion, the buried area, and the confining pressure (Koutsourais et al., 1998) . The interaction coefficient or CI is important as a part of design parameter (Cowell et al., 1993; Koutsourais et al., 1998; and Tatlisoz et al., 1998) ., CI can be defined as a ratio of interface strength between the reinforced soil and the soil shear strength.
Some types of bamboos that can be used as plaits are apus or ali (Gigantochloa apus), legi or andong (Gigantochloa verticillata) and wulung or atter (Gigantochloa atter). The bamboo mats or gedheg are made of bamboos thinly sliced and woven. The bamboo slats are 2-3 cm wide. The slicing of these slats is adjusted to the diameter or circumference as well as the bamboo's inner and outer thickness.
The traditional technology has put bamboo mat as a material to reinforce soil such as in soft sub base soil, pond reclamation and so on. The research on bamboo mats as the sub base soil reinforcement has been conducted previously by Suwartanti (2015) . The research tells to what extent bamboo can be used as a material for reinforcing the stability of foundation soil.
Other research on the effects of bamboo mats regarding its supporting capacity and the decline of shallow foundation in cohesive soil has also been conducted by Surjandari (2007) . Adi (2004) has carried out a study of the influence bamboo mat insert in the sandy soil regarding soil supporting capacity. The result of the study shows that the application of bamboo mats can increase the subset soil supporting capacity.
Hedge (2015) conducts a research on the soft sub base soil reinforcement using bamboos. Bamboos as the reinforcement is combined with bamboo cell and bamboo mats. The strength of soil supporting capacity with reinforcement from the combination is then compared with the reinforcement from the geocell and geogrid combination. The result shows that the ultimate capacity of the bamboo cell and bamboo mats combination is higher by 1.3 times than the other one.
In interpreting the result of pullout test, it is assumed that the apparent shear stress (ap) of the geosynthetic can be calculated using this formula:
(1)
Tult
: ultimate shear stress (kN) A : area of the buried geosynthetic (m 2 )
Using Mohr-Coulomb criteria, here is the relation between apparent pullout resistance and confining pressure to define the parameter of the interface shear stress for the soil reinforced by reinforcement material mobilized by soil-geosynthetic interface angle of friction () and adhesion (cap): Parameter Ci is used to calculate the length of attachment of the reinforcement needed in the critical failure plane, according to (Tatlisoz et al, 1988 ) coefficient CI in the soil can be calculated using this equation:
: cohesion of undrained soil (kN/m 2 ) : interface soil-geosynthetic surface angle of friction (°)
: soil internal angle of friction (°)
III. METHOD
In this research testing is conducted in the Laboratory of Soil Mechanics, Civil and Environment Engineering, Gadjah Mada University. The primary testing includes a geosynthetic pullout resistance test referring to the SNI (the Indonesian National Standard) 8128:2016 regarding geosynthetic pullout testing. Figure 3 displays the pullout resistance testing equipment used for this research.
The pullout resistance test is conducted 9 times with different stress variation. The calculation of stress application is based on the field condition regarding the load of the train and the railway bed construction. The speed of bamboo mat pullout is set at 5 mm/minutes. The total length of displacement of bamboo mats is limited to 50 mm.
The secondary test is concerned with soil property index. The object soil is taken from the fill in the heap structure. This test includes the distribution of grain size referring to the standard of ASTM D 422. The test of consistency index and plasticity refers to ASTM D 4318 standard; the specific gravity to ASTM D 854 standard; the compaction to ASTM D 698
Uniformly distributed load soil
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standard; and the soil shear strength was tested by UU triaxial test. Proctor Compaction test is used as the base of the optimum compaction in the pullout resistance box. As the object of pullout resistance test, a bamboo mat is cut into rectangular shape with the size of ± 610 x 305 mm. Figure 4 presents the picture of a bamboo mat in the adjusted size. Bamboo mat used as the object of this test have these following criteria:
1. They are obtained from the craftsmen around the research area, i.e. Purwokerto and Kroya (Central Java). 2. They are made of the inner part of apus bamboo (Gigantochloa apus). 3. The plait pattern is bilik and each bamboo slat is around 20 mm -35 mm wide. 4. Their thickness is around 1.5 mm -2.5 mm. The pullout resistance test is conducted after the plaits have been soaked for 24 hours. Prior to the test, while they are wet, they are drained for ±2 minutes to anticipate the increase of water content in the soil directly in touch with the plait. The result of this test is then analyzed regarding its interface shear strength. Geo5 software is used to analyze the simulation of bamboo mat as an MSE-wall.
IV. RESULT AND DISCUSSION
The test result upon the soil heap classification in a railway bed and the soil physical nature is presented in Table I . According to the USCS (the unified soil classification system) it is categorized under MH, inorganic silt with granular sand and clay with high plasticity. The evaluation on the soil shear strength is conducted using a triaxial test. The sample of the object is adjusted to the value of OMC and MDD of the proctor testing. From test result, it is found out that the cohesion value of the heap soil in the railway bed is 42.749 kN/m 2 and the angle of internal friction is 6.65°. During the pullout resistance test, the bamboo mats are laid between the layers of the optimally compacted heap soil of the railway bed. After it is compacted, the box of pullout resistance is sets to normal stresses as prescribed. Normal stress occurs naturally due to the soil weight and the load of the trains and railway structure. For this research, stresses applied in the testing are among others: 78.9 kPa; 92,8 kPa; 96.6 kPa; 154.3 kPa; 154.4 kPa; 156 kPa; 227.8 kPa; 228.7 kPa; and 229.6 kPa. Table II and Figure 5 inform the value of pullout force and pullout resistance resulting from the test. The interface shear strength/ interaction shear strength between the soil and different materials can be calculated based in Mohr-Coulomb criteria consisting of attachment component and the angle of shear. From the chart above, which is about pullout resistance in clay, it can be seen that the interface shear strength is more dominant than the adhesion or attachment of bamboo mats and soil. It is proved by the test result presenting displacement up to 50 mm before reaching out the residual zone.
The residual shear strength is influenced by the value of the angle of friction and the normal stress. The shear strength of the clay consists of a cohesion and an angle of internal friction. Usually, the cohesion value is high, and the angle of friction value is low. The occurring collapse pattern of the pullout resistance will decrease faster because the attachment strength diminishes and the angle of interface shear is small.
The value of normal stress applied in the test of pullout resistance will increase the effort of pullout force. The bigger the normal stress is, the bigger the effort will be to pullout the bamboo squeezed under the soil. The pullout force needed to pull the reinforcement sheet out of an area is called pullout resistance. When bamboo mats are used as soil reinforcement material, the pullout resistance applies on the top and bottom sides.
According to Elias (2001) , pullout resistance is caused by the contribution of stress transfer mechanism on the reinforcement area. The form of mechanism can be frictional resistance and passive bearing resistance. Frictional resistance is caused by a friction between soil and geotextile or geomembrant. Meanwhile, passive bearing resistance comes out of the soil squeezed in the transverse area of the direction of pullout force occurring upon the geogrid and geonet. Based on the visual observation, and by considering the shape and the texture of bamboo mats, the pullout resistance will be influenced by frictional resistance value which can be analyzed with Mohr-Coulomb shear strength criteria.
In Mohr-Coulomb shear strength criteria, the relation between the maximum pullout resistance with the applied normal stress is used to determine the interface shear strength. In this condition, the strength is the peak or maximum shear strength before and/or when a material collapse occurs. Figure  6 shows the chart regarding the relation of normal stress and maximum pullout resistance of each test.
Using Mohr-Coulomb shear strength criteria, the interface shear strength or apparent shear strength of the bamboo matsoil can be seen in a linear regression line in figure 6 . Therefore, the interface shear strength of bamboo mat in the heap soil of the railway bed got adhesion value = 16.071 kPA and angle of interface friction () = 3.125°. The value of apparent shear strength of the bamboo matsoil is almost the same as the interface shear strength of woven geosynthetic in the clay soil defined through the laboratory pullout testing conducted by Mohiuddin (2001) and the laboratory direct shear testing conducted by Rifa'I (2009). It is in accord with this research; that within the apparent shear strength possessed by bamboo mat -soil, the interface shear is derived from the adhesion value or attachment and the internal skin friction. However the value of apparent shear strength or interface shear strength is strongly influenced by the soil material's shear strength.
One of the parameter input necessary in the design of soil reinforcement using geosynthetic is the value of coefficient of interaction (Ci) between the geosynthetic and the soil. It is used to calculate the length of binding of the reinforcement needed in the critical collapse zone. Its value is the ratio between the shear strength of the bamboo mats-soil and the shear strength of the soil. By using equation 3 the CI value from the interface between soil and bambbo mat is 0,417.
In the research conducted by Mohiuddin (2001) , if the value of interaction coefficient is less than 0.5, normally it indicates a weak binding between the soil and the reinforcement sheet or that there is some damage in the geosynthetic specimen. Usually, the value of CI is 0.5 or more. The pullout resistance test upon the heap soil of the railway bed dominated by silt-clay reveals that the value of interaction coefficient is less than 0.5. This ineffective interaction may
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occur due to mechanic behavior of the reinforced soil or the break of the testing object. However the second factor does not likely to happen since the collapse between the soil and the bamboo mats occurred when the pullout force value is lower than the bamboo mat pullout strength. Other possibility is the slip of the horizontal and vertical reinforcement bars within the bamboo mat so that it may decrease the pullout strength happening to the interface area.
An example of numeric calculation of the use of bamboo mat as a geosynthetic replacer can be attained using Geo5 Software. In the case of heap of railway bed it is considered that the height is 2.2 m in the design. That number is determined because bamboo mat is a non-homogeneous material with various quality, biologically degradable and is only 5 m long at the most. Based on the calculation, the need of reinforcement bars in the active and passive zones is limited to 3 m maximum and the space between them is 30 cm. Figure 7 demonstrates geometrical design of bamboo mat MSE-wall in the heap of railway be. In several parameter inputs regarding the types of reinforcement such as Short term char. strength (Tult), long term design strength (Rt), and coefficient of direct slip along reinforcement (Cds), the data cannot be collected validly through a short term char. laboratory. The value of the strength is then obtained through a bamboo pullout strength test conducted by the researchers (unpublished) with Tult = 70kN/m'. Whereas for long term design strength 40 kN/m' is applied.
In this research, the interface shear strength is only obtained from pullout resistance test. Koutsourais et al (1998) compare the test result of pullout and direct shear against cohesion soil. The study concludes that that pullout test provides a value of 13-17% higher than it is of soil interaction in direct shear. Therefore if CI = 0.417, Cds = 0.346 can be applied.
Meanwhile, the load input refers to the research of Susanto (2015) which studies railway class I with ballast thickness of 73.1 cm. It concludes that the load rising from the train and the railway structure is 65.8 kN/m 2 . Table III presents the values of parameter input used as the basis of MSE-wall analysis in Geo5. The analysis infers that the temporary reinforced retaining wall made of bamboo mat in the railway bed as high as 2.2 m (Figure 7) is safe from collapse. In details, table 4 shows the recapitulation of safety factors from Geo5 analysis. The lowest safety factor can be achieved when slope stability global has SF of 1.54. Stability global is one of correction calculations on the slope where MSE-wall structure block might collapse. Figure 8 shows the visualization of slip surface in the MSEwall structure that is likely to collapse according to Geo5 analysis. According to USCS system, the heap soil in the railway bed used in the field and for the pullout test resistance for this research belongs to MH, i.e. inorganic silt soil with grainy sand and clay with high plasticity. Regarding the soil shear strength value from the triaxial testing in OMC and MDD condition, it is concluded that the cohesion is 42.749 kN/m 2 and the angle of internal friction is 6.65°.
The pullout resistance test is conducted 9 times with different normal stress application. The value of maximum pullout force in each test is divided by the area of both buried sides and will result in the value of maximum pullout resistance. The value of maximum pullout resistance and the application of normal stress are plotted in the relation chart and it creates a linear line on the equation of interface shear strength. The pullout resistance test upon bamboo mat under the railway bed heap soil points out that the adhesion value is 16.071 kPA and the angle of interface shear () = 3.125°
Interaction coefficient as an important parameter in the MSE wall planning is acquired from the ratio of interface shear strength and soil shear strength. According to result of the test of bamboo pullout resistance in the heap soil in the railway bed, CI = 0.417. CI  0,5 indicates weak binding between the soil and its reinforcement. It happens to the bamboo mat under the heap soil of railway bed because of the collapse upon the interaction of shear strength and the soil.
The numeric modeling on MSE-wall using bamboo mat on the railway bed with the slope of 2.2 m high and railway construction load of 65.8 kN/m 2 indicates that it is safe from collapsing with the lowest SF of 1.53. The design of MSE-wall using bamboo mat should consider the availability of it in the market (they come with the size of ax m the biggest). Therefore, it is recommended that the usage of bamboo mat shall be limited by the length of reinforcement bars buried in the active and passive zone of maximum 3 m.
